Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.002 Å; R factor = 0.029; wR factor = 0.073; data-to-parameter ratio = 12.7.
Crystals of the title compound [systematic name: (3R,6R,7S,8aR,9R,12aR)-7-hydroxy-3,6,9-trimethyloctahydro-3,12-epoxy [1, 2] dioxepino [4,3-i] isochromen-10(3H)-one], C 15 -H 22 O 6 , were obtained from microbial transformation of artemisinin by a culture of Cunninghamella elegans. The stereochemistry of the compound is consistent with the spectroscopic findings in previously published works. A weak O-HÁ Á ÁO hydrogen bond occurs in the crystal structure, together with intermolecular C-HÁ Á ÁO hydrogen bonds.
Related literature
For related literature, see: Blasko & Cordell (1988) ; Chen & Yu (2001) ; Liu et al. (2006) ; Parshikov et al. (2004 Parshikov et al. ( , 2005 Parshikov et al. ( , 2006 ; ; CDC (2007) ; Klayman (1985) ; TDR (2007); .
Experimental
Crystal data C 15 H 22 O 6 M r = 298.33 Orthorhombic, P2 1 2 1 2 1 a = 6.3047 (2) Å b = 9.1266 (2) Å c = 24.5309 (6) Å V = 1411.52 (6) Å 3 Z = 4 Cu K radiation = 0.90 mm À1 T = 296 (2) K 0.23 Â 0.15 Â 0.12 mm
Data collection
Bruker SMART CCD diffractometer Absorption correction: none 12572 measured reflections 2464 independent reflections 2456 reflections with I > 2(I) R int = 0.020 Refinement R[F 2 > 2(F 2 )] = 0.028 wR(F 2 ) = 0.072 S = 1.08 2464 reflections 194 parameters H-atom parameters constrained Á max = 0.24 e Å À3 Á min = À0.16 e Å À3 Absolute structure: Flack (1983), with 990 Friedel pairs Flack parameter: 0.11 (14) Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x þ 1 2 ; Ày þ 3 2 ; Àz þ 2; (ii) x À 1; y; z; (iii) Àx þ 1; y À 1 2 ; Àz þ 3 2 ; (iv) Àx þ 2; y À 1 2 ; Àz þ 3 2 .
Data collection: SMART (Bruker, 2002); cell refinement: SAINT (Bruker, 2002); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Bruker, 2002) ; software used to prepare material for publication: SHELXTL.
Comment
The natural occurring sesquiterpene lactone endoperoxide artemisinin has been the subject of extensive research for its effective therapeutic action against multidrug-resistant Plasmodium falciparum strains (Klayman, 1985) . Some of the reasons for this are the increasing number of people under risk of contracting malaria, the alarming spread of drug-resistant parasites (TDR, 2007) and the relatively complicated treatment protocols, with so many variables and no effective cure for the several strains of Plasmodium causing the disease (CDC, 2007) .
One of the strategies used for increasing the bioavailability of artemisinin is its semi-synthetic transformation through microorganisms (Chen & Yu, 2001; Liu et al., 2006) . The metabolites resulting from the action of several enzymes in selected strains of fungi can be further transformed in dimers or attached to other moieties for selective action and/or delivery.
Our group has been studying the microbial transformation of artemisinin for some years (Parshikov et al., 2005; and we follow the numbering system of Blasko & Cordell (1988) , and the CA Index Name. Some authors follow a different numbering system and call the title compound, (I), 9β-hydroxyartemisinin, rather than 7β-hydroxyartemisinin. Several well established methods of one-dimensional and two-dimensional NMR have already determined the configuration of artemisinin and most of its derivatives. The crystallographic data confirm the assignment of the chiral centers proposed in a previously published paper (Parshikov et al., 2004) . The configuration of the chiral centers in (I) are: C3 R, C5A S, C6 S, C7 S, C8A S, C9 R, C12 S, C12A R.
In the crystal of (I), a weak intermolecular O-H···O hydrogen bond links the molecules into chains and some short C-H···O contacts occur (Table 1) .
Experimental 7β-Hydroxyartemisinin was obtained following a method previously published by our group (Parshikov et al., 2004) . Well developed fungal mycelia of Cunninghamella elegans ATCC 9245 were removed from the surface of agar slants, suspended in 100 ml of sterilized water, and used to inoculate 1 liter of medium (400 g Sabouraud-dextrose, 300 g sucrose, 200 g peptone, in 20 liters of deionized water) in 4 liter shake flasks. The pH was adjusted to 6.5 using 0.1 N NaOH. Cultures were grown for 48 h on a rotary shaker at 301 K with shaking at 180 rpm. The resulting biomass was used as inocula for 1,000 ml of medium contained in 4 liter shake flasks that were again incubated for 48 h. 10 g of Artemisinin (Mediplantex, Vietnam) were dissolved in 400 ml of methanol (MeOH), filter-sterilized, and 20 ml were added to each flask to make the final concentration 500 mg/l. The cultures were returned to the shaker incubators (180 rpm) for an additional 14 days at 301 K. The cultures were harvested and the broth and mycelia were separated using coarse filter paper in a Büchner funnel. The mycelia were washed with water and discarded. The culture broth was extracted with three equal volumes of ethyl acetate (EtOAc) and evaporated under vacuum. The residues were dissolved in MeOH for analysis. supplementary materials sup-2 Thin layer chromatography (TLC) was performed on precoated silica gel G and GP Uniplates (Analtech, Newark, Del.) in EtOAc/hexanes (v/v 50:50) . TLC plates were visualized with iodine, and p-anisaldehyde stain. Metabolites were purified by semi-preparative flash-chromatography carried out on silica gel 60 (SCI Adsorbents, Louisville, Ky.) using the EtOAc/ hexanes solvent system in a gradient mode, eluting from 10-40% EtOAc, collecting 50 ml fractions with a flow rate of 30 ml/min.
Colourless needles of (I) were grown by slow evaporation of a solution in absolute ethanol.
Refinement
The hydrogen atoms were placed in idealized locations (C-H = 0.96-0.98 Å, O-H = 0.82 Å) and refined as riding with U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C, O). Fig. 1 . View of the molecular structure of (I) with displacement elipsoids drawn at the 50% probability level. Hydrogen atoms are omitted for clarity. (3R,6R,7S,8aR,9R,12aR)-7-hydroxy-3,6,9-trimethyloctahydro-3,12-epoxy [1, 2] 0.0419 (7) 0.0276 (6) 0.0240 (5) −0.0063 (5) 0.0054 (5) 0.0044 (5) C10 0.0188 (7) 0.0186 (7) 0.0166 (6) −0.0016 (6) −0.0004 (5) −0.0003 (5) C8A 0.0130 (6) 0.0155 (6) 0.0208 (6) 0.0007 (6) −0.0018 (5) −0.0004 (5) C15 0.0225 (7) 0.0183 (7) 0.0283 (7) −0.0007 (6) 0.0008 (6) −0.0034 (6) C6 0.0174 (7) 0.0171 (7) 0.0244 (7) −0.0005 (6) −0.0004 (6) 0.0021 (6) C7 0.0194 (7) 0.0214 (7) 0.0225 (7) −0.0011 (6) 0.0033 (6) 0.0025 (6) C3 0.0213 (7) 0.0165 (7) 0.0189 (6) 0.0020 (6) −0.0004 (6) −0.0002 (5) C13 0.0279 (8) 0.0201 (7) 0.0253 (7) 0.0001 (6) 0.0054 (6) −0.0001 (6) C5 0.0205 (7) 0.0174 (6) 0.0234 (7) −0.0033 (6) −0.0011 (6) −0.0029 (6) C9 0.0178 (7) 0.0160 (7) 0.0192 (6) 0.0006 (6) −0.0018 (5) 0.0000 (5) C14 0.0235 (7) 0.0193 (7) 0.0295 (8) −0.0029 (7) 0.0009 (6) 0.0020 (6) C4 0.0226 (7) 0.0200 (7) 0.0196 (6) 0.0004 (6) −0.0024 (6) −0.0023 (5) C12A 0.0157 (7) 0.0159 (6) 0.0175 (6) 0.0009 (6) −0.0024 (5) 0.0018 (5) C12 0.0146 (6) 0.0154 (6) 0.0198 (7) −0.0007 (5) −0.0002 (5) 0.0003 (5) C8 0.0189 (7) 0.0184 (7) 0.0181 (6) 0.0012 (6) 0.0009 (6) −0.0014 (5) C5A 0.0126 (6) 0.0186 (7) 0.0202 (6) −0.0006 (5) −0.0027 (5) −0.0004 (5) Geometric parameters (Å, °) 
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